Fig. S1
(color online) Convex hull diagrams of Cr-H system at 0, 40, 80, 160, 240 and 300 GPa. The solid blue squares denote the stable structures, black squares represent metastable structures.
Tab. S1 Effect of magnetism correction on the relative stability of Cr (Im-3m) and CrH (P63/mmc) at 0 GPa and 40 GPa. Energies and formation enthalpies are given in eV/atom. In order to check the relative stability of CrH0.97, we have built a 3*3*2 supercell of CrH with a single H vacancy, i.e. Cr36H35. Then, we consider the temperature dependence of free energy of the suggested chemical reaction Cr36H35 (s) + 0.5 H2 (g) = 36 CrH (s) by applying the following method.
Energy

A. Free energy of solids (CrH and CrH0.97)
The free energy of solid (CrH and CrH0.97), can be expressed as,
where U is the internal lattice energy, while Felec, Fvib and Fc denote the electronic, vibrational and configurational energies, respectively. The electronic excitations are usually neglected, while vibrational contributions represents the phonon energy, which can be treated in the harmonic approximation, by summing over the normal modes frequencies,
where k is Boltzmann constant, h is Planck constant.
B. Free energy of H2 gas
On the other hand, the free energy of diatomic H2 gas molecule can be expressed as:
where the entropy S can be divided into four parts, namely, translation entropy Strans, rotational entropy Srot, vibrational entropy Svib and electronic entropy Selec. Again, Selec is neglected, while the other terms can be defined as,
Here, θrot and θvib are the characteristic rotational and vibrational temperatures, respectively.
where I is a molecular moment of inertia, v is the vibration frequency of H2 molecule. To be consistent with the free energy calculation of solids, here we calculated the entropy of H2 within the same functional. The relaxed H-H bond length in H2 molecule is 0.74 Å, in satisfactory agreement with the experimental report (0.741 Å). The theoretical vibrational frequency for H-H stretching modes of H2 is 46.8 THz, compared with the experimental value 45.77 THz. Note that the vibrational component of the gas entropy here is very small (less than 5% of the total). The calculated temperature dependent S(H2) is shown in Fig. S7 . Compared to the experimental value (Sexpt(H2) = 130.68 J/(mol · K)) at standard conditions, our results are close. By applying the eq. 1 and eq. 3, we obtain the formation energy of the suggested chemical reaction Cr36H35 (s) + 0.5 H2 (g) = 36 CrH (s). The results are shown in Fig.  S8 . The predicted decomposition temperature is 1337 K. The temperature is easily accessible, thus these materials are promising to synthesize. At low temperature, the free energy of this reaction is negative, i.e. CrH is more stable than Cr36H35+0. 
